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Introduction
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A series vector charmonium-like states, ὩȢὫȢ
ὣτςφπonly observed in charmoniumtransitions, 
not hadronicdecays.

R- value is around 4 at ί τ τȢφGeV, so total 
cross section  is ~16 nb, 10 nb for open-charm, 
what about other 6 nb? only charmonium
transition?

ὣτςφπcould have sizeable charmless
decay fraction in some theoretical models
PLB628,215, CPC39,063102

W. M. Song, thesis, 2015

PDG



Cross section of ▄▄ ᴼ▬▬Ⱬ

ÅCross sections around 3.77 GeVwere measured, two solutions with      
interference, one has „‪σχχπOὴӶὴ“ σσȢψ ρȢψ ςȢρpb,
one has upper limit 0.22 pb at 90% C.L.
ÅSearch for vector charmoniumdecaying to ὴӶὴ“
ÅCan be used to estimate the cross section of ὴӶὴO ὢ“ at PANDA
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PRD90,032007

PLB771,45(2017)



Event selections

üTwo charged tracks with opposite charge.
üCombine time of flight and dE/dx to calculate the confidence level 

for “ȟὑand ὴhypothesis. 0ÒÏÂὖὶέὦȟὖὶέὦ ὖὶέὦ

üOne proton, one anti-proton.
üAt least two EMC showers, Ὁ ςυMeV in barrel, Ὁ υπ

MeV in endcap.
üAngle between photon and anti-proton larger than 30 degree.
ü4 constraints kinematic fit. Use the one combination with least …
ü ὓ‎‎ ὓ ρυMeV
üBackground come from ‎ὴӶὴȟ‎‎ὴӶὴȟ‎‎‎ὴӶὴ, estimated using “

sideband.
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Dalitzplot at 4.258 GeV

Multi intermediate baryons 
ὔzȟɝzᴼὴ“

And ”zȾ‫z ᴼὴӶὴ

To determine the detection efficiency
correctly, we perform
partial wave analysis (PWA).
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Partial wave analysis

ÅCovariant tensor formalism ( J. Phys. G28,233)

ÅParameterization of ”ᶻȾὔᶻȾɝᶻ: Breit-Wigner (RPD80,052004)

ÅDirect process of ὩὩ ᴼὴӶὴ“ : ρ or σ ὴӶὴsystem

ÅResonance with significance larger than υ„are retained

Result:
Data at ί τȢρψωτȢφππGeV, 

Described by ὔρττπȟ”ςρυπȟ” ρωωπand ρ phase space.
Data at ί τȢππψτȢπψυGeV:

Described by ὔρυςπȟὔςυχπȟ”ςρυπȟ” ρωωπand ρ phase space
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Born cross section

ρ ‏ : 
radiative correction
ρ ‏ : 

vacuum polarization corrections,

Efficiency comes from PWA
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Born cross sections

cross section of continuum process 

„ ᶿ

Second item represents the vector 
charmonium(ὣτςφπ), mass (ά) and 
width ɜare fixed to PDG .

No significant signal of any vector charmonium

Upper limit of Ɑ▄▄ ᴼ╨ ᴼ▬▬Ⱬ
is 0.01 pb at 90\ % C.L.
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Cross sections of ▄▄ ᴼꜚꜚ ⱷꜚ

ÅLarge ratio „ὩὩ ᴼὐȾ‪ὧӶὧȾ„ὩὩ ᴼὐȾ‪ὢͯ πȢφfrom BaBarand Belle.

ÅSurprisingly large fraction of „ὩὩ ᴼὐȾ‪ὢ

ÅValidate theoretical investigations with double/triple quarkonia

ÅStudy multi stangeoniaat BESIII

ÅSearch for the vector charmonium-like states

ÅRatio 
ᴼ

ᴼ

ᴼ ᶻ ᴼ Ӷ Ⱦ

ᴼ ᶻ ᴼ Ӷ
range from 1 to 2.5

ÅHelpful to understand the production mechanism of ὩὩ to multi quarkonia
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2D sidebands to estimate backgrounds.
Determine the normalized factor with 2D fit.

Clear .‫and ‰signal
Black circles are background 

from 2D sidebands
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ÅReconstruct two ‰ ὑ ὑ and investigate the recoil system

ÅRecoil mass Ὑὓ‰‰ Ὁ Ὁ ὴ



Born cross sections

Efficiency of the reconstructed two ‰depends on their angle —,
Weight the phase space MC on ÃÏÓ—
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No obvious signal of any vector charmonium-like state.



Born cross sections

Average value of ratio

„ὩὩ ᴼ‰‰‫

„ὩὩ ᴼ‰‰‰
ρȢχυ πȢςς πȢρω

Consist with the expectation.

Triple charmoniaat Belle II/LHCb?
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Observation of  ▄▄ ᴼⱢ╨ above 3.7 GeV
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Â BABARusing ISR ‰Ὢωψπobservedὣςρχυ
Â mass: ςρχυρπ ρυMeV/ὧ, width: υψ ρφ ςπMeV
Â Confirmed by Belle, BESII and BESIII

Â Similar with ὣτςφπÁÎÄɭρπψφπ
Â Could be charged ὤᴼ‰“in ὣςρχυO‰““

close to ὑὑz ὑᶻὑz threshold EPJC72,2008
Â High background
Â BESIII has largest data at 3.7-4.6GeV,  can be used to search for 

ὩὩ ᴼ–ὣςρχυ

PRD80,031101

PRD91,052017

PRD74,091103

BABAR, ꜚ█ Belle, ꜚ ⱫⱫ

BESIII,╙ȾⱶᴼⱢ █ꜚ

arXiv:1709.04323



Event selections
ÅFour good charged tracks with net charge zero.

ÅAt least two good photons to reconstruct –

ÅIdentify ὑand “

Å4 constraint kinematic fit, and … φπ

The ““ should be dominant by Ὢωψπ.
Clear signal of ὣςρχυO‰Ὢωψπ
Use the events of ὓ““ ᶰ
πȢψφψȟρȢπψωGeV

Simultaneous fit for all data above 
3.7 GeVwith same signal shape:

ɮis the phase space factor for two body P-wave system.
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Results of simultaneous fit

Clear signal.
Lower background
level compared
to other product
processes.

Mass ὓ
ςρσυ ψ ωMeV,

Width ɜ
ρπτ ςτ ρςMeV
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╨ ᴼ ⱫꜚⱫ Dalitzplot
Remove the requirement of Ὢωψπmass window.
Search for the charged ὤȢNo obvious signal.
Background level is lower, with more data, maybe sensitive to search for ὤ
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